The paper presents a certain way which determines the critical buckling force for a micro-heterogeneous FGM plate band. A stiffness matrix of an individual cell of such band, different for various cells, has been determined.
INTRODUCTION
In the paper, a problem of buckling of a micro-heterogeneous FGM-like plate band with the heterogeneity of features along the direction of action of large axial forces is considered (it has been assumed in the paper that this is the direction of x-axis). In the second direction (y) the band is homogeneous. This problem is described by the partial differential bending equation of plate with a variable stiffness D DEJZ with participation of large axial forces S DE ( [1] with the assumption of zero transverse loads and compressing axial forces): mainly the tolerance averaging technique [2] , but also the asymptotic homogenization, the method of effective modules, etc.
Jędrysiak [2] pondered natural vibrations of a micro-heterogeneous thin plate band with the use of the tolerance modeling, whereas Wierzbicki et al. [3] stated as follows: "From among many known ways of the modeling of problems of the mechanics of periodic media, the tolerance modeling stands out due to relative simplicity of consideration of the scale effect. This advantage of the tolerance modeling resulted in the description and solution of many problems of the mechanics of heterogeneous media. Unfortunately, we can obtain here only approximate solutions, for which we do not know effective methods to evaluate the accuracy of the obtained solutions".
Disagreeing with the above statement, the Authors decided to prove that in the case of the problems presented in [2] , [4] , [5] , [8] , [9] a solution can be obtained which is exact [6] or formally exact [7] within the framework of the theory of thin plates.
The microperiodic FGM-like plate band is modeled as a system with properties changing in a discrete way between two levels -micro and macro. This paper presents that it is possible to obtain an exact solution to the problem of seeking of critical buckling force with the use of methods of structural mechanics. The aim of the paper is the exact calculation of the critical buckling force for a thin plate band with a microstructure showed in Fig. 1 . According to the Author's knowledge, there are no items in the accessible literature where the problem of buckling of such band would be solved in the way allowing obtaining an exact solution.
BASIC ASSUMPTIONS
Let us consider a Kirchhoff's plate band with the width L and thickness h, having a microstructure presented in Fig. 1 . Along the x-axis, the plate band consists of N bands (cells, elements) with a constant width equal to 
and K denotes a stiffness coefficient (any positive non-zero real number).
The widths of the band element
are calculated as:
[ and the width l [j] of the band element are determined from the As a typical band element with the width l [j] consists of three bands with a various width, the bar element with the width l [j] will be denoted as "superelement" consisting of three elements (Fig. 3) .
STIFFNESS MATRIX OF A BAND ELEMENT [J]
Let us consider a bar element fixed on both ends, the bar having a jump-type variable stiffness and whose nodes (j 1) and (j) are subjected to displacements (rotations and relocations) > @ (Fig.4) . 
D is measured in Nm, V is a dimensionless quantity and S is a critical buckling force being sought.
for a given element (cell) of a number j depend on the parameters j, N, K. The form of these coefficients is quite complicated (each of them occupies ca. ¾ y 1 side of A4 sheet), therefore the formulas for these coefficients will not be presented in this paper. 
BAND STIFFNESS MATRIX
, two equilibrium equations can be written
which comprise five unknown generalized displacements
. Finally we obtain the set of 2(N 1) equations with 2(N 1) unknowns. This set will be written in the form
where K is the band stiffness matrix with the elements being a function of a value of V being sought (given by formula (3.6)3), whereas M is a one-column matrix of generalized displacements.
The structure of the matrices K and M is presented below (the empty cells are equal 0). As the matrix K is symmetric, we present only its upper part. 
The matrix K consists of four band submatrices. Individual terms are equal:
where the superscript in the terms a y h denotes the submatrix row number and in the terms k -the band cell (element) number (hence, e.g. the term f1 is in the 3 rd row of the lower left submatrix, so it requires to take the term k13 for the cell with j = 3, whereas the term f2 in the same row -the term k13 for the cell with j = 4). The terms k are given by Eqs (3.4). 
The terms a', a'', c', c'', e', e'', g', g''
concern the first and the last cell. Depending on support conditions, the coefficients D y G contained there are equal:
for a fixed boundary:
for a hinged boundary:
for a fixed boundary with the possibility of transverse movement:
for a free boundary:
where D and T are given by Eqs (3.4), whereas:
DETERMINATION OF APPROXIMATED VALUE OF CRITICAL BUCKLING FORCE
From the condition 0 K Det , for the given N and K, we can determine the value of V and thenfrom the Eq. (3.2) -values of critical buckling force. For a microperiodic plate band, the matrix K is in general of large size, its terms depend on the quantities given by Eqs (3.4) in a very complicated way and additionally those quantities depend on the value of V, so the functional
is extremely intricate and the determination of subsequent zeros can take a lot of time even for computers with a good processor (but the most probable is that the calculations will shut down due to complete occupancy of operational memory). Therefore, the best way is to assume an initial value V0 for the given parameters K, N and, for a given step of increase of this initial value, after the determinant value has changed the sign, apply the secant method for finding such a value of Vkr which implies DetK(Vk) # 0. This value can be determined with any required accuracy.
Having the critical value Vkr determined, the critical buckling force can be calculated from formulas As example, the calculations for a 6-cell plate (N = 6) fixed on the left end and supported on hinge on the right end were performed (Fig. 6a) . The stiffness coefficient was taken as K = 5. It can be estimated with high accuracy that DetK = 0 for Vakr = 0,97805 hence the critical force is equal (cf.
Eq. (5.1))
Next, for the plate with similar support conditions but fixed on the right end and supported on hinge on the left end ( Fig. 6b ) the value V = 0,99916 is obtained and the critical force is equal
The obtained result corresponds with engineer's intuition because the more flexible element is placed at the fixing of the plate in Fig. 6a than at the fixing of that in Fig. 6b , thus this second plate should be characterized by a higher critical force. 
For the plates presented in Fig. 7 , exactly the same results will be obtained provided the fraction coefficients (2.3) have the form 
CONCLUSIONS
The presented method of investigation of stability of micro-heterogeneous plate band is based on a classical method of the structural mechanics and allows to obtain in a relatively fast way, with requested accuracy, the value of a critical buckling force through any change of the parameter K, characterizing the inclusion stiffness in relation to the matrix stiffness, and N -the number of cells in a band with the length L.
All tests performed in aim to check the algorithm's correctness confirmed the engineer's intuition and theoretical dependences. Namely, it was proven that: 
